SPECIFICATION 

TITLE OF THE INVENTION 
Screen-noise eliminating apparatus and cathode-ray tube 

display apparatus 

BACKGROUND OF THE INVENTION 

Fi e ld of the inventi o n 

The present invention relates to a cathode-ray tube 
display apparatus using a cathode-ray tube such as a projection 
TV system and a screen-noise eliminating apparatus. 
Descri pt i o n o f t he related art 

Recently, high-definition broadcasting services with 
more than 1000 scanning lines have become available for viewers 
along with the conventional NTSC broadcasting services with 
525 scanning lines, and television systems capable of receiving 
both the services are being used. Among such television 
systems, in those using cathode-ray tubes (hereinafter 
referred to as "CRT" ) , the size of the bright spot (hereinafter 
referred to as "beam spot") on a phosphor surface generated 
by an electron beam of the CRT is determined such that adequate 
display of those high-definition signals with a large number 
of scanning lines can be obtained, thus, when displaying an 
NTSC signal having less scanning lines, the use of the same 
beam spot size would result in gaps on the screen, over which 
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the electron beam does not scan. In order to prevent these 
gaps, the beam spot size is made larger or the beam spot is 
wobbled (hereinafter referred to as "wobbling" ) in the vertical 
direction across the trace along the scanning lines when 
displaying a signal having a smaller number of scanning lines. 

Fig. 9 is a schematic block diagram indicating a 
configuration of a prior art projection TV system, which is 
one of CRT display devices. Illustrated in the diagram are, 
a TV signal 1, a signal processing circuit 2 for correcting 
the contrast and brightness of the TV signal 1 and converting 
it into primary-color signals, a driving circuit 3 for 
amplifying the signal level for each of the primary-color 
signals and driving the CRT cathode, a CRT section 4 
corresponding to green, blue and red colors, which comprises 
a CRT 4A, a horizontal deflection coil 4B, a vertical deflection 
coil 4C and a second vertical deflection coil 4D, a sync 
separation circuit 5 for separating a synchronization signal 
from the TV signal 1, a sync generation circuit 6, a horizontal 
sync signal 7, a vertical sync signal 8, a horizontal deflection 
driving circuit 9 for driving the horizontal deflection coil 
4B according to the horizontal sync signal 7, a vertical 
deflection driving circuit 10 for driving the vertical 
deflection coil 4C according to the vertical sync signal 8, 
a control circuit 11 which identifies the number of scanning 
lines from the inputted horizontal sync signal 7 and vertical 
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sync signal 8 and outputs a wobbling amplitude control signal, 
and a second vertical deflection driving circuit 12 for 
providing high-speed, fine deflection of scanning lines in the 
vertical direction according to the wobbling amplitude control 
signal* 

The TV signal 1 is inputted into the signal processing 
circuit 2 which in turn corrects the contrast and brightness 
of the signal, converts it into primary color signals to be 
outputted to the driving circuit 3. The driving circuit 3 
amplifies the signal level of each primary color signal and 
outputs it to the CRT section 4. The TV signal 1 is also 
inputted into the sync separation circuit 5 which separates 
the sync signal from the TV signal, and the separated sync 
signal is inputted into the sync generation circuit 6 which 
outputs the horizontal sync signal 7 and the vertical sync 
signal 8 generated from the inputted sync signal. The 
horizontal sync signal 7 is inputted into the horizontal 
deflection driving circuit 9 which drives the horizontal 
deflection coil 4B based on the inputted horizontal sync signal 
7. The vertical sync signal 8 is inputted into the vertical 
deflection driving circuit 10 which drives the vertical 
deflection coil 4C based on the inputted vertical sync signal8. 
The control circuit 11 receives inputs of the horizontal sync 
signal 7 and vertical sync signal 8 and identifies the number 
of scanning lines, and when the number is found to be smaller 
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than the maximum displayable number of scanning lines, it 
outputs the wobbling amplitude control signal to the second 
vertical deflection driving circuit 12 which, in turn, controls 
the vertical deflection coil 4D to cause the high-speed, fine 
wobbling of the beam spot in the vertical direction according 
to the wobbling amplitude control signal. 

Fig. 10 shows a set of diagrams illustrating a known 
scheme for scanning a TV screen and the effect of wobbling in 
which Fig. 10 (A) indicates a screen and scanning lines of a 
typical cathode-ray tube display apparatus. In the diagram, 
a display screen 13 and scanning traces 14 of scanning lines 
are illustrated. Fig. 10 (B) is an expanded view of the 
scanning lines, in which numeral 15 indicates the beam spot 
on scanning lines, numeral 16 indicates the passing range of 
the beam spot 15, numeral 17 indicates those areas of the screen 
that are not scanned by the beam spot 15, and numeral 18 
represents the traces of the scanning lines when wobbling is 
performed. Fig. 10 (C) is a diagram showing the beam spot 
positions and the light intensity. In this diagram, the curves 
19 represent the light intensity distributions of the beam spot 
15, and the curves 20 represent the light intensity 
distribution with its extent increased in a vertical location 
of the screen as a result of the wobbling. 

Where a TV signal 1 with a maximum number of scanning 
lines is inputted into the cathode-ray tube display apparatus, 
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the second vertical deflection driving circuit 12 does not 
operate, so that the scanning lines would be scanned along the 
linear traces 14. On the other hand, where a TV signal 1 with 
less scanning lines is inputted into the cathode-ray tube 
display apparatus, the wobbling takes place, causing the beam 
spot 15 to be scanned along the traces 18. While unscanned 
regions 17 would occur on the screen if the wobbling is not 
implemented, wobbling with an adequate frequency and amplitude 
will eliminate such regions 17. The light intensity 
distribution of the beam spot 15 is represented by the curves 
19, but the high-speed, fine wobbling of the beam spot 15 in 
the vertical direction would cause the light intensity 
distribution to temporarily move as shown by the curves 20. 
Furthermore, with a speed sufficiently fast, this movement of 
the beam spot 15 would not be perceived, and the light intensity 
would appear to be even, so that as a result of the wobbling, 
the beam spot 15 is seen as if it has expanded over the regions 

17, eliminating the undesired gaps between the scanning lines 

14. 

Fig. 11 is a graphical representation plotting the 
frequency analysis result of the wobbling effect for a frame 
image displayed on e.g. a conventional projection TV system. 
In the diagram, the horizontal axis represents the spatial 
frequency in the vertical direction of the screen, the vertical 
axis represents the relative intensity of the displayed image 
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spectrum, the point fvl on the horizontal axis represents the 
maximum vertical frequency with a cycle of two scanning lines, 
and the point fv2 represents the harmonic spurious frequency 
twice the fvl, with a cycle of one scanning line. 

When a plane signal is displayed on the display screen, 
the spatial frequency in the vertical direction of the screen 
essentially has no alternating current component but only a 
direct current component as indicated by the point 21 . However, 
when the wobbling is not performed, the light intensity 
distribution is uneven as indicated by the curve 19 of Fig. 
10 (C), and this yields a spurious component indicated by the 
point 22 . 

Generally, when the screen is viewed from a distance 
farther than the adequate viewing distance which is said to 
be about 7 times of the screen height in the case of NTSC and 
about 3 times of the screen height in the case of high- 
definition, the spurious component at the point 22 is difficult 
to be observed since it is cut due to the low-pass 
characteristic of human eyes, thus it unlikely causes the 
degradation of the image quality. However, when the screen 
is viewed from a distance closer than the adequate viewing 
distance, it would show as annoying horizontal-line noise. 
Especially, when an NTSC signal displayed on a cathode-ray tube 
display apparatus is viewed at the adequate viewing distance 
for high-definition display, such horizontal-line noise would 
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stand out as the screen is now viewed from a distance closer 
than one half of the adequate viewing distance for NTSC signals . 

When the wobbling is implemented, in the above case, the 
light intensity distribution of the beam spot 15 becomes as 
shown by the curves 20 in Fig. 10 (C), so that the unevenness 
in the light intensity distribution in the vertical direction 
can be reduced. As a result of this, the spurious 2 2 reduces 
to the level of the point 23 or point 24 in accordance with 
amplitude of wobbling, the horizontal-line noise can be 
decreased. 

Generally, an image signal has a frequency bandwidth of 
fvl or smaller in the vertical direction. In Fig. 11, the 
curves 25 through 27 represent the spectrum intensity of an 
image signal for each type of frequency components, and it is 
displayed in the intensity indicated by the curve 25 when the 
wobbling is not performed, and in the intensity indicated by 
the curve 2 6 or 2 7 when the wobbling is performed. As can be 
seen from the graph, when the wobbling is performed, the high 
band of the image signal is reduced as spurious reduces. 

Fig. 12 is a graphical representation plotting the 
spatial resolution of human eye as converted into the spatial 
frequency on a screen. In the diagram, the horizontal axis 
represents the TV screen spatial frequency, the vertical axis 
represents the relative response, the curve 28 represents the 
response at the adequate viewing distance, the curve 2 9 
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represents the response at a location closer than the adequate 
viewing distance, and the curve 30 represents the response at 
a location farther than the adequate viewing distance. All 
of them exhibit the low-pass characteristic, but with the band 
varied according to the viewing distance. 

Accordingly, viewing a screen display implementing no 
wobbling from a location closer than the adequate viewing 
distance corresponds to observing the image signal indicated 
by the curve 2 5 and the spurious component indicated by the 
point 22 in Fig. 11 with a response indicated by the curve 29 
in Fig. 12. Therefore, while the image signal 25 may be viewed 
clearly, the spurious component at the point 22 is also viewed 
strongly, so that the horizontal-line noise would stand out. 

Furthermore, viewing a TV screen implementing the 
wobbling from a location closer than the adequate viewing 
distance corresponds to observing the image signal indicated 
by the curve 2 7 and the spurious component 24 in Fig. 11 with 
a response indicated by the curve 2 9 in Fig. 12. In this case, 
the horizontal-line noise would not be observed since the 
spurious 2 4 is at a lower level, however, the image quality 
is degraded since the high band of the curve 2 7 image signal 
is reduced. In addition, the curve 27 may be corrected to the 
level of the curve 2 6 by adjusting the wobbling intensity, 
however, since the spurious 24 is also increased to the level 
of the spurious 23, it is difficult to determine the optimal 
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wobbling intensity . 

Viewing a screen display implementing the wobbling from 
a location farther than the adequate viewing distance 
corresponds to observing e.g. the image signal indicated by 
the curve 2 7 in Fig. 11 with the response indicated by the curve 
3 0 in Fig. 12, so that the image signal 2 7 has a further reduced 
high band, resulting in a blurred image. 



SUMMARY OF THE INVENTION 
In a prior art cathode-ray tube display apparatus, the 
gaps between scanning lines are assumed to be unseen due to 
the low-pass characteristic of human eyes, so that there has 
been problems in that an optimal image quality is obtained only 
from an adequate viewing distance, and when a TV screen is 
viewed from a distance other than the adequate viewing distance, 
both the image quality and the degree of the horizontal-line 
noise are considerably varied depending on the viewing 
distance . 

The present invention was invented to solve the above 
problems, and its primary object is to provide a screen noise 
eliminating apparatus and a cathode-ray tube display apparatus 
capable of preventing the scanning lines of a TV screen from 
being seen as the horizontal-line noise without degrading the 
image quality, and extending the range of the adequate viewing 
distance* Another object of the present invention is to obtain 
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a screen noise eliminating apparatus and a cathode-ray tube 
display apparatus capable of providing a high image quality 
and less difference between the image qualities in the vertical 
and horizontal directions in any location across the entire 
display screen. Still another object of the present invention 
is to obtain a screen noise eliminating apparatus and a 
cathode-ray tube display apparatus capable of adequately 
switching the image quality according to the viewing distance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic block diagram of a configuration 
according to the first embodiment of the present invention; 

Fig. 2 (A) is a diagram illustrating the first embodiment 
of the present invention in which the length of the beam spot 
is varied by using a second vertical deflection coil, and 

Fig. 2 (B) is a diagram illustrating the first embodiment 
of the present invention in which the length of the beam spot 
is varied by using an electrical focus electrode; 

Fig. 3 is a schematic block diagram indicating a 
configuration of a vertical enhancement circuit in the first 
embodiment of the present invention; 

Fig. 4 is a diagram indicating the vertical-direction 
spatial frequency characteristic of an image on a CRT phosphor 
surface according to the first embodiment of the present 
invention; 
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Fig. 5 is a schematic block diagram indicating a 
configuration of a horizontal enhancement circuit in the first 
embodiment of the resent invention; 

Fig. 6 (A) is a diagram illustrating an exemplary object 
displayed on a screen according to the first embodiment of the 
present invention, and Fig. 6 (B) is a diagram indicating the 
screen locations at which the noise elimination operation is 
switched; 

Fig. 7 is a table listing the operation levels for each 
element of the noise eliminating circuit according to the first 
embodiment of the present invention; 

Fig. 8 is a diagram illustrating means for selecting a 
screen-viewing location according to the first embodiment of 
the present invention; 

Fig. 9 is a schematic block diagram indicating a 
configuration of a prior art projection TV system; 

Fig. 10 shows a set of diagrams for illustrating the 
conventional scanning scheme of a TV screen and the wobbling 
effect, in which: 

Fig. 10 (A) is a diagram illustrating a screen and 
scanning lines of a typical cathode-ray tube display apparatus , 
Fig. 10 (B) is a diagram showing an expanded view of the scanning 
lines, and Fig. 10 (C) is a diagram indicating the light 
intensity distribution over beam spot locations; 

Fig. 11 is a graph plotting a frequency analysis result 
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of the wobbling effect for a frame image displayed on a prior 
art cathode-ray tube display apparatus such as a projection 
TV system; and 

Fig. 12 is a diagram indicating the spatial resolution 
of human eyes as converted into the spatial frequency on a 
screen. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
The present invention will now be explained in greater 
detail with reference to the attached drawings that illustrate 
preferred embodiments of the present invention. 

EMBODIMENT 1 

Fig. 1 is a schematic block diagram indicating a 
configuration according to the first embodiment of the present 
invention. Indicated in the diagram are, a TV signal 1, a 
driving circuit 3 for amplifying the signal level of each 
primary color signal and driving CRT cathodes, a CRT section 
104 for green, blue, red colors, which comprises a CRT 4A for 
displaying the TV signal, a horizontal deflection coil 4B, a 
vertical deflection coil 4C, a second horizontal deflection 
coil 4E and a second vertical deflection coil 4F, a sync 
separation circuit 5 for separating a sync signal from the TV 
signal 1, a sync generation circuit 6, a horizontal sync signal 
7 outputted from the sync generation circuit 6, a vertical sync 
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signal 8 outputted from the sync generation circuit 6, a 
horizontal deflection driving circuit 9 for driving the 
horizontal deflection coil 4B according to the horizontal sync 
signal 7, and a vertical deflection driving circuit 10 for 
driving the vertical deflection coil 4C according to the 
vertical sync signal 8. 

Also illustrated in the diagram are, a feature detection 
circuit 32 outputting an edge detection signal 33 obtained by 
detecting an edge of an image from the TV signal 1, a noise 
elimination control circuit 35 for compensating the 
vertical -direction spatial frequency characteristic 
according to the increase or decrease in the beam spot length, 
a control information memory 3 6 for storing the enhancement 
levels of the high band in the screen regions determined by 
the CRT 4A and a lens characteristic where a lens (not shown) 
is used, a beam-spot-length control circuit 37 for increasing 
or decreasing the vertical length of the beam spot on the 
display screen generated by the electron beam of the CRT 4A 
according to the output from the noise elimination control 
circuit 35, a second horizontal deflection driving circuit 38 
for receiving an input of a control signal outputted from the 
noise elimination control circuit 35 to perform scanning 
velocity modulation of scanning lines by driving the second 
horizontal deflection coil 4E according to the control level, 
a vertical enhancement circuit 39 for providing enhancement 
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to the TV signal 1 for a given vertical-direction spatial 
characteristic as a preprocess for noise elimination, a 
horizontal enhancement circuit 40 for enhancing the 
horizontal-direction high-band frequency of a signal IB 
outputted from the vertical enhancement circuit 3 9 and 
outputting as a signal 1C, a first control signal 41 outputted 
from the noise elimination control circuit 3 5 for switching 
a delay line of the vertical enhancement circuit 3 9 depending 
on whether the TV signal 1 is an interlaced scanning signal 
or a sequential scanning signal, a second control signal 42 
outputted from the noise elimination control circuit 3 5 for 
switching the coefficients of the vertical enhancement circuit 
39 , and a third control signal 43 outputted from the noise 
elimination control circuit 35 for switching the coefficients 
of the horizontal enhancement circuit 40. 

Furthermore, indicated by numeral 100 is a screen noise 
elimination circuit block which outputs to the CRT section 104, 
a signal for performing the wobbling on a given beam from the 
TV signal 1, and it comprises, as its components, the vertical 
enhancement circuit 39, the horizontal enhancement circuit 40, 
the feature detection circuit 32 , the noise elimination control 
circuit 35, the control information memory 36, the beam- 
spot-length control circuit 37, and the second horizontal 
deflection driving circuit 38. 

Further illustrated are, a transmission light 44 from 
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an IR remote controller (not shown), an IR signal receiving 
unit 45 receiving the transmission light 44, in which the 
received signal is amplified and waveform-shaped, and then 
outputted, a first signal processing circuit 46 for supplying 
each of various control signals obtained as the output of the 
IR signal receiving unit 45 to a corresponding circuit, a menu 
generation circuit 47 for outputting a signal representing a 
menu screen, which is generated from a signal outputted from 
the first signal processing circuit 46, and a second signal 
processing circuit 102 for outputting the output from the menu 
generation circuit alternatively with the signal 1C. 

Fig- 2 presents a couple of diagrams illustrating the 
beam spot being varied in the length, in which Fig. 2 (A) 
illustrates a case where the element 4F in Fig. 1 is implemented 
by a second vertical deflection coil , and Fig. 2 (B) illustrates 
a case where the element 4F is implemented as an electric focus 
electrode. 

in Fig. 2 (A), the beam spot 15 represents a beam spot 
in the normal state, the beam spot 15B is a beam spot moved 
in the vertical direction as a result of wobbling, the lines 
16B define a region of a screen in which the beam spot moves, 
the line segment hi represents a horizontal position on the 
screen in which wobbling is not effected, the curve 19 
represents the light intensity distribution of the beam spot 
15 at the line segment hi, the line segment h2 represents a 
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horizontal position on the screen in which wobbling is effected, 
the curve 2 0 represents the light intensity distribution of 
the beam spot at the line segment h2, and the curve 20B 
represents the averaged light intensity distribution over a 
region in which wobbling is effected. While the beam spot 15 
moves from the line segment hi toward the ling segment h2, the 
second vertical deflection coil 4F is activated to cause the 
beam spot 15 to move up and down, resulting in a scanning line 
with an apparent larger width as shown by the curve 16B. By 
performing the wobbling at a rate sufficiently fast so that 
the movement of the scanning line will not show, the light 
intensity distribution of the beam spot in the vertical 
direction of the screen may be made as shown by the curve 20B, 
and in this case, the beam spot 15 is not expanded in the 
horizontal direction of the screen. 

In Fig. 2 (B), the beam spot 15C represents a beam spot 
with its electric focus being offset, the lines 16C define a 
region of the screen in which the beam spot moves, and the curve 
20C represents the light intensity distribution of the beam 
spot within a region in which the focus is being offset. As 
the beam spot 15 moves from the position hi to the position 
h2 , the electric focus electrode is activated to cause the focus 
of the beam to be offset from an optimal point, so that the 
apparent width of the scanning line is seen larger as shown 
by the curve 20C. In this case, the beam spot 15 is expanded 
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also in the horizontal direction of the screen as it is shaped 
as the beam spot 15C, so that the high band of the 
horizontal-direction spatial frequency of the displayed image 
is degraded. 

Fig. 3 is a schematic block diagram illustrating a 
configuration of the vertical enhancement circuit 39. In the 
diagram, it is illustrated as comprising a field delay circuit 
201 for delaying the TV signal 1 by 1 field time period, 1H 
delay circuits 202 and 203 for delaying the TV signal 1 by one 
horizontal time, a selection circuit 204 for selecting a signal , 
a first coefficient multiplier circuit 205, a second 
coefficient multiplier circuit 206, a third coefficient 
multiplier circuit 207 and an adder circuit 208. 

Here, the selection circuit 204 selects either the output 
of the field delay circuit 201 or the output of the 1H delay 
circuit 202, and the selected output is connected to the 1H 
delay circuit 203 located in the later stage, thereby 
constituting a 2-stage filter circuit with 3 taps. The first 
control signal 41 controls the selection circuit 204, and in 
this selection, where the TV signal 1 is an interlaced scanning 
signal, the output of the field delay circuit 2 01 is selected, 
and where it is a sequential scanning signal, the output of 
the 1H delay circuit 202 is selected, so that in either case, 
high-band enhancement of the vertical-direction frequency 
characteristic is performed based on the signal levels of 3 
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consecutive scanning lines as a frame signal. 

Furthermore, each of the first, second and third 
coefficient multiplier circuits 205, 206 and 207 selects a 
coefficient value held in a table under the control of the 
second control signal 42, and the selection of the coefficient 
value of each circuit is done according to the following 
conditions. Where the TV signal 1 is an interlaced scanning 
signal, the first, second and third coefficient multiplier 
circuits 205, 206 and 207 select, respectively, a coefficient 
A2 , a coefficient Al and a coefficient A3 from the table. Where 
the TV signal 1 is a sequential scanning signal, the first, 
second and third coefficient multiplier circuit 205, 206 and 
207 select, respectively, a coefficient Al , a coefficient A2 
and a coefficient A3 from the table. Here, in the table 
associated with the coefficient multiplier circuits, sets of 
values in the relationships Al=-k lf A2=l+2xk 1 and A3=-k 2 (where 
ki is an approximate value of 0 or greater and 0.5 or smaller) 
are set for multiple values of k x in advance, and under the 
control of the second control signal 42 , each of the coefficient 
multiplier circuits 205 through 207 selects particular k x and 
coefficient values corresponding to the scanning scheme to 
provide the result of the multiplication of the inputted values 
as an output. The signals outputted from the first, second and 
third coefficient multiplier circuits 205, 206 and 207 are 
inputted into the adder circuit 20 8 to be summed and outputted 
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as a signal IB, 

Fig. 4 is a diagram indicating the vertical-direction 
spatial frequency characteristic obtained as a result of 
high-band frequency enhancement by the high-band frequency 
enhancement characteristic of the vertical enhancement 
circuit 39. In the diagram, the curve 27 represents the 
frequency characteristic exhibiting high-band degradation due 
to the scanning-line wobbling which will be explained later, 
the curve 27B represents the frequency characteristic of the 
curve 27 being high-band enhanced by the vertical enhancement 
circuit 39, and the curve 2 7C represents the frequency 
characteristic obtained by removing only the vertical wobbling 
from the curve 2 7B. In the diagram, the curve 2 7B exhibits 
a substantially flat characteristic at the frequency fvl or 
below, and at the same time, the spurious at the frequency fv2 
is at the level indicated by the point 24 , so that it represents 
a reduced noise level and smaller degradation in the frequency 
characteristic of the image. In Fig. 4, the curve 27C is the 
high-band enhancement characteristic when the screen is being 
viewed at a location farther than the adequate viewing distance 
as will be explained below. 

From the above, it is understood that the noise 
elimination control circuit 35 provides the control so as to 
reduce spurious in the vertical-direction spatial frequency 
corresponding to the gaps between scanning lines, and to 
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enhance the high band of the vertical-direction spatial 
frequency . 

Fig. 5 is a block diagram indicating a configuration of 
the horizontal enhancement circuit 40 which receives the signal 
IB outputted from the circuit 3 9 and outputs a signal 1C which 
is a signal with an enhanced horizontal-direction high-band 
frequency. The horizontal enhancement circuit 40 is 
controlled by the noise elimination control circuit 35, and 
is the one to enhance the high band of the horizontal-direction 
spatial frequency characteristic according to the change in 
the beam spot length. 

Illustrated in the diagram are, 1-pixel time delay 
circuits 301 and 302, a fourth coefficient multiplier circuit 
303, a fifth coefficient multiplier circuit 304, a sixth 
coefficient multiplier circuit 305 and an adder circuit 306. 
The fourth, fifth and sixth coefficient multiplier circuits 
303, 304 and 305 select respective coefficient values held in 
a table under the control of the third control signal 43, and 
the selection of the coefficient values is done according to 
the following conditions. The fourth, fifth and sixth 
coefficient multiplier circuits select, respectively, a 
coefficient Bl, a coefficient B2 and a coefficient B3 from the 
table. Here, sets of values in the relationships Bl=-k 2 , 
B2=l+2xk 2 and B3=-k 2 are respectively set for multiple values 
of k 2 (where k 2 is an approximate value of 0 or greater and 0.5 
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or smaller) in advance, and in response to the reception of 
the third control signal 43, each coefficient multiplier 
circuit selects a coefficient corresponding to a specific value 
of k, and outputs a result of the multiplication performed on 
the inputted values- The signals outputted from the fourth, 
fifth and sixth coefficient multipliers 303, 304 and 305 are 
inputted into the adder circuit 306 to be summed and outputted 
as a signal 1C. 

When the horizontal-direction frequency characteristic 
is expected to be degraded due to the increased vertical length 
of the beam spot 15 as previously explained, the horizontal 
enhancement circuit 4 0 performs enhancement in advance to 
compensate it, and at the same time, where the screen is viewed 
from a distance longer than the adequate viewing distance, 
performs high-band enhancement in the horizontal direction. 

The feature detection circuit 3 2 receives the TV signal 
1 and performs edge detection of the image, and if it detects 
an edge, it outputs an edge detection signal 33 to the noise 
elimination control circuit 35. While the edge detection 
method is not limited to any particular scheme, it may be 
implemented by any known method through computation of the 
signal levels of target pixels and the peripheral pixels. For 
example, a first-order or second-order differential operator 
such as the ones described in a material published by The 
Institute of Electrical Engineers in Japan, entitled 
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"Hikari-to-Gazou-no-Kisokougaku (Basic Engineering of Light 
and Image)" (pp. 256-257) may be used. In order to keep the 
signal level of the peripheral image, signal delay lines are 
used. The circuit configuration of the feature detection 
circuit is determined according to the equation of the selected 
differential operator, however, it is of course unnecessary 
to provide separate delay lines when this differentiation may 
be implemented by using the outputs of the signal delay lines 
forming a part of the vertical and horizontal enhancement 
circuits 39 and 40. 

Next, the noise elimination control circuit 35 receives 
the horizontal sync signal 7 and vertical sync signal 8 
outputted from the sync generation circuit 6, and at the same 
time, it also receives the edge detection signal 33 outputted 
from the feature detection circuit 32. Generally, an edge 
section is represented by a stepped, or a pulsed signal, so 
that the spatial frequency spectrum of the image extends over 
a large frequency bandwidth. The noise elimination from the 
screen is realized by frequency enhancement in the preprocess 
and the frequency reduction through increasing the length of 
the beam spot 15 , and during this processes , delicate variation 
is incurred in the spatial frequency characteristic. 
Therefore, performing the noise elimination to a substantial 
degree on a signal which originally has a wide spatial frequency 
spectrum may result in the variation in the frequency 
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characteristic, and it may cause ringing or overshooting in 
the edge section. Accordingly, for edge sections, the noise 
elimination is not performed at all, or is performed only to 
a smaller degree. 

That is, the noise elimination control circuit 35 
provides control in such a manner that the extent of the 
increase or decrease in the beam spot length is reduced for 
image edge sections in response to the output from the feature 
detection circuit 32. The noise elimination control circuit 
35 also provides control in such a manner that the degree of 
the modulation in the scanning velocity in the horizontal 
direction is minimized for image edge sections in response to 
the output from the feature detection circuit 32. 

Fig. 6 shows a couple of diagrams illustrating a region 
over which the noise elimination control circuit 3 5 performs 
noise elimination for an object displayed on the screen, in 
which Fig. 6 (A) illustrates a screen displaying a round object , 
and Fig. 6 (B) illustrates screen regions corresponding to 
respective controlling operations. In Fig. 6 (A), a display 
screen 13, a circular object region 61 with high luminance, 
a low-luminance region outside the object region 61 and an edge 
63 of the object region 61 are indicated. The object region 
61 is displayed through horizontal scanning of the scanning 
lines 14 shown in Fig. 10, and while it is displayed, the length 
of the beam spot 15 in the vertical direction on the screen 
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is under the effect of the wobbling in the manner as indicated 
in Fig. 2 (A). The wobbling is performed any locations other 
than the proximity of the edge 63. Fig. 6 (B) indicates those 
screen regions at which the controlling operations of the noise 
elimination control circuit 35 are switched, and the region 
surrounded by the curves 64 and 65 is a region for which the 
feature detection circuit would output the edge detection 
signals , and the regions 66 and 67 are screen peripheral regions 
in which the beam spot 15 tends to appear larger due to the 
component characteristics of the CRT section 104 and the 
projection lens (not shown). 

Since the high band of the spatial frequency 
characteristic of the displayed image would have initially been 
degraded in the regions 66 and 67 , the noise elimination control 
circuit 35, during the course of its noise elimination 
operation, provides control in such a manner that high-band 
image signals can be enhanced. The positions of the regions 
66 and 67 on the screen and the high-band enhancement level 
in these regions are dependent upon the CRT section 104 and 
the projection lens (not shown), thus, they are stored in the 
control information memory 36 in advance, and read out at a 
necessary timing to cause the control signal indicating the 
operation level to be outputted to the vertical enhancement 
circuit 39, horizontal enhancement circuit 40, beam-spot- 
length control circuit 37 and the second horizontal deflection 
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driving circuit 38. 

The second horizontal deflection driving circuit 3 8 
receives the control signal outputted by the noise elimination 
control circuit 35 and scanning velocity modulation of the 
scanning lines by driving the second horizontal deflection coil 
4E according to the control level. The scanning velocity 
modulation is a public-known technique called velocity 
modulation (VM) , and is normally implemented so as to enhance 
the edge in the edge section 63 of an image. In the present 
embodiment, the high-band reduction of the horizontal- 
direction spatial frequency is further performed through 
high-speed velocity wobbling for plane sections of an image, 
thereby to reduce the pulse noise etc. superimposed upon the 
signal inside a cathode-ray tube display apparatus. The 
high-band frequency to be reduced through the velocity wobbling 
is enhanced in advance in the horizontal enhancement circuit 
40. The velocity wobbling is performed in the cycle of 
amplitude according to the vertical-direction wobbling shown 
in Fig. 2 (A) . 

The control operation pattern of the noise elimination 
control circuit 35 will now be explained in greater detail. 
Fig. 7 is a table listing the operation levels of each of the 
elements in the noise elimination circuit block 100 for the 
combinations of screen-viewing location, position of an image 
on the display screen, and feature type of the image (whether 
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it is an edge or plane) . In the table, "Strong" refers to the 
operation being effected at a strong level, "Medium" refers 
to the operation being effected at a medium level, "Weak" refers 
to the operation being effected at a weak level, and "N/A" 
refers to halt of the operation. As for the screen positions, 
the indication of "Center" refers to an area which is located 
in neither the region 66 nor region 67 in Fig. 6 (B), and 
"Periphery" refers to an area located in the region 66 or 67. 

For instance, when the TV system is being viewed from 
a distance closer than the adequate viewing distance , in a plane 
section at the center of the screen, the operation levels of 
the respective elements are controlled as listed in the 
leftmost column of the table; vertical enhancement circuit 
3 9=Medium level, horizontal enhancement circuit 4 0=Medium 
level, spot length control circuit 37=Medium level of vertical 
wobbling, and second horizontal deflection driving circuit 
3 8=Medium level of horizontal wobbling. In this case, the 
second deflection driving circuit 38 does not perform image 
enhancement through velocity modulation at the edge section 
of the image. 

The combinations of operation levels listed in Fig. 7 
may be so configured to allow the noise elimination function 
to be emphasized when being viewed from a distance closer than 
the adequate viewing distance, and the high-band enhancement 
function of the image quality to be emphasized when being viewed 
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from a distance farther than the adequate viewing distance, 
so that various combinations and modifications are possible 
for the set levels . That is , where the display screen is viewed 
from a distance closer than the adequate viewing distance, the 
noise elimination control circuit 35 controls to lengthen the 
beam spot, and where the display screen is viewed from a 
distance farther than the adequate viewing distance, then the 
circuit 35 does not allow to vary the beam spot length, and 
controls to enhance a given vertical and horizontal-direction 
spatial frequency characteristic. 

A control signal representing a distance from which the 
screen is viewed (as indicated in Fig. 7) is generated and 
transmitted in the following manner. When operating on the 
cathode-ray tube display apparatus, a user uses a remote 
controller (not shown) to transmit a remote-control signal 44, 
which is then inputted into an IR signal receiving unit 45, 
amplified and waveform-shaped, and then outputted to the first 
signal processing circuit 46. The first signal processing 
circuit 46, based on the inputted signal, outputs various 
control signals such as Power On/Off. to be inputted into 
respective circuits (not shown). Where the first signal 
processing circuit 46 received a menu display command, it also 
outputs a control signal for invoking menu display to the menu 
generation circuit 47. The menu generation circuit 47, in 
response to the control signal, generates a signal for a menu 
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screen such as the one shown in Fig. 7, which is then inputted 
into the second signal processing circuit 102. The second 
signal processing circuit 102 selects and input the inputted 
menu signal so that it is displayed on the display screen 
instead of the signal 1C. 

Shown in Fig. 8 is an image-quality setting menu which 
is an exemplary menu screen, and it illustrates a display screen 
13, menu items 81, and adjustment sliders 82. After the menu 
is displayed as a result of the operation through the remote 
controller, a menu item 81 is selected by e.g. pushing "Up" 
or "Down" button on the remote-controller, and then pushing 
"Left" or "Right" button to move the adjustment slider 82 to 
the left or right. The TV- viewing distance setting is provided 
as the fifth menu item, and it may be set "Close" by moving 
the adjustment slider to the left, and "Far" by moving the 
slider to the right. 

In this embodiment, the means for setting viewing 
distance was explained as being implemented through the 
manipulation of the menu, however, it may also be implemented 
through any other method, for example, by providing 
distance-setting buttons on the remote-controller, and in this 
case, three buttons indicating "Close", "Far" and "Normal" may 
allow a simpler operation without requiring the use of the menu 
screen. Also, in this case, the configuration of the signal 
processing circuit 102 may be modified so that it can be adapted 
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to the characteristics of the noise elimination circuit as 
determined based on the manipulation of the distance-setting 
buttons. For example, when the screen is viewed from a "Far" 
location, then the "Image Quality" is adjusted toward the side 
of "Sharp". 

Where the cathode-ray tube display apparatus is capable 
of displaying signals of different numbers of scanning lines, 
the noise elimination characteristics of the noise elimination 
circuit 100 is switched to a set which is adequate for the 
corresponding signal type. The signal type is determined by 
the noise elimination control circuit 35 based on the timings 
or frequencies of the horizontal sync signal 7 and vertical 
sync signal 8 after these signals are inputted. As many sets 
of values as the signal types are predetermined and stored 
in the memory 36 for the operation levels shown in Fig. 7. The 
criteria for determining a position of an image on the screen, 
whether it is located in the center or periphery area of the 
screen, may vary for each signal type, and in this case, 
determination information comprising horizontal timing and 
vertical timing is stored in the memory 36 for each of the signal 
types. The noise elimination control circuit 35 also 
determines whether the signal is a sequential scanning signal 
or an interlaced scanning signal, and switches the noise 
elimination characteristic. 
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EMBODIMENT 2 

In Fig. 1, the element 4F has been explained as being 
a second vertical deflection coil, however, it is not limited, 
and it may also be any other component, for example, an 
electromagnetic 4-pole focus coil or an electrical focus 
electrode such as electrostatic focus electrode or 
electromagnetic focus electrode. When the element 4F is 
constituted by any of the above alternatives, the beam- 
spot-length control circuit 37 shall, of course, be a circuit 
having a corresponding driving capability, such as an 
electrostatic focus driving circuit or an electromagnetic 
focus driving circuit. Also, the element 4F does not have to 
be provided separately when the TV system originally has any 
component having the same function, and any means capable of 
changing the vertical length of the beam spot at a changing 
speed that can follow the changes in an image signal may be 
shared for this function, and it may be configured by adding 
a modulation signal to an existing circuit. 

Since these present embodiments are configured in the 
above-explained manner, they may provide the following 
effects . 

By adjusting the vertical length of a beam spot on the 
phosphor screen using the beam-spot-length controlling means, 
and enhancing given high-band frequencies by the vertical 
enhancement means, horizontal-line noise may easily be 
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eliminated, and the degradation of the vertical-direction 
spatial frequency may be prevented, thereby allowing the image 
quality to be retained at a high level. 

In addition, by reducing the spurious corresponding to 
the scanning line interval at a vertical-direction spatial 
frequency on the display screen and by enhancing the high band 
of the vertical-direction spatial frequency, noise 
elimination is realized with neither making the 
horizontal-line noise apparent nor degrading the image 
quality. 

Furthermore, the noise elimination control means 
controls the second horizontal deflection means so as to 
modulate the horizontal scanning velocity of the electron beam 
in the cathode-ray tube, thereby allowing the image quality 
in the horizontal direction to be made equal to the image 
quality in the vertical direction. 

The noise elimination control means controls the 
horizontal enhancement means to enhance a given 
horizontal-direction spatial frequency characteristic of a TV 
signal, so that the degradation of the high band of the 
horizontal-direction spatial frequency may be compensated. 

The noise elimination control means, by using an image 
edge signal received from the feature detection means, also 
controls the beam-spot-length control means to reduce the 
extent of modulation which lengthens the bright spot on the 
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phosphor screen in the vertical direction in an edge section 
of an image, so that the occurrence of ringing and overshooting 
may be minimized, thereby allowing to maintain the image 
quality of the edge section of the image. 

Moreover, by using an edge signal of an image inputted 

from the feature detection means , the noise elimination control 
means controls the second horizontal deflection means to 
minimize the modulation of the scanning velocity in the 

horizontal direction in an edge section of the image, so that 

the image quality of the edge section of the image may be 

maintained. 

Furthermore, according to the enhancement level of the 
spatial frequency characteristic of a location on the screen 
inputted from the control information memory, the noise 
elimination control means controls the beam-spot-length 
controlling means to lengthen or shorten a bright spot on the 
phosphor surface in the vertical direction according to the 
position on the screen, so that horizontal-line noise may be 
eliminated uniformly across the entire display screen. 

Still further, according to the enhancement level of the 
spatial frequency characteristic of a position on the screen 
inputted from the control information memory, the noise 
elimination control means also controls the second horizontal 
deflection means to modulate the horizontal scanning velocity 
according to the position on the screen, thereby allowing the 
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image quality in the horizontal direction to be made equal to 
the image quality in the vertical direction over the entire 
display screen. 

The noise elimination control means further controls the 
beam-spot-length control means to increase the length of the 
bright spot on the phosphor surface in the vertical direction 
when the screen is viewed from a distance closer than the 
adequate viewing distance , and controls the beam-spot-length 
control means not to increase the length of the bright spot 
on the phosphor surface in the vertical direction when the 
screen is viewed from a distance larger than the adequate 
viewing distance, so that enhancement of the image quality is 
attempted according to the viewing distance. 

The vertical enhancement means is controlled by the first 
and second control signals, thereby implementing the 
enhancement of the vertical spatial frequency according to the 
type of the TV signal and the length of the beam spot. 

The horizontal enhancement means is controlled by the 
third control signal inputted from the noise elimination 
control means, thereby implementing the enhancement of the 
horizontal spatial frequency corresponding to the modulation 
of the scanning velocity in the horizontal direction. 

Furthermore, in a cathode-ray tube display apparatus 
according to the present invention, the screen-noise 
elimination control means is capable of increasing and 
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decreasing the length of the beam spot in the vertical direction, 
as well as controlling to enhance a given vertical spatial 
frequency characteristic so as to compensate the vertical 
spatial frequency, thus, the horizontal-line noise may easily 
be eliminated while retaining a high image quality. 

Moreover, by providing an electrostatic focus electrode, 
and in the noise eliminating apparatus, providing the 
electrostatic-focus-electrode driving circuit, the 
horizontal-line noise may be eliminated without requiring the 
modulation of the scanning-line deflection signal. 

Furthermore, by providing an electromagnetic focus coil, 
and in the noise eliminating apparatus, providing the 
electromagnetic-focus-coil driving circuit, the 

horizontal-line noise may be eliminated without requiring the 
modulation of the scanning-line deflection signal. 

Still further, by providing a second vertical deflection 
coil, and in the noise eliminating apparatus, providing the 
second-vertical-deflection-coil driving circuit, the gaps 
between scanning lines may be filled without incurring the 
expansion in the horizontal direction of the screen. 
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